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Introduction 

The ongoing COVID-19 crisis has emphasized more than 
ever the relevance of wildlife as a potential source of pathogens 
for other species, including humans, and the potential import-
ance that interactions with wildlife can have on global health. 

Nevertheless, in the veterinary world, the concept of wildlife as 
a potential reservoir and source of pathogens detrimental to 
livestock production and health has been known for centuries.

Well-known examples of livestock diseases in which the inter-
face with wildlife plays, or has played, an important role include 
rinderpest, avian influenza, foot and mouth disease (FMD), and 
African swine fever (ASF). Rinderpest, caused by a morbillivirus 
of the family Paramyxoviridae, is one of only two diseases that 
have been globally eradicated (the other being smallpox in hu-
mans), after having caused major disease outbreaks in domestic 
and wild artiodactyl species for centuries. After a globally coord-
inated eradication campaign, the World Organisation for Animal 
Health (OIE) and the Food and Agriculture Organization 
(FAO) of the United Nations announced in 2011 that rinderpest 
virus had been eliminated from livestock, thus declaring global 
freedom from this disease (Hamilton et al., 2017). Circulation 
of rinderpest virus in endemic regions in wild susceptible species 
was an important consideration in the eradication campaign, 
and lack of recognition of wildlife reservoirs was one of the fac-
tors to which failure of initial campaigns in the 1960s and 70s 
was attributed (Morens et al., 2011).

Other diseases, such as ASF and FMD, are still endemic and 
expanding across different regions of the world. FMD is esti-
mated to be endemic in 77% of the global livestock popula-
tion, in Africa, Asia, and some parts of South America (OIE, 
2021a) and ASF is becoming endemic in Africa, Europe, Asia, 
and some parts of Oceania (OIE, 2021b). Efforts to control or 
eradicate these diseases are challenging, particularly in those 
areas where wild reservoir hosts contribute to their mainten-
ance and spread. African swine fever virus (ASFV) has been 
known for more than a century to be maintained in the soft 
tick-warthog sylvatic cycle in natural savannah environments 
in East and Southern Africa. Occasional interactions between 
ASFV-infected ticks and domestic pigs have facilitated the dis-
semination of several ASFV genotypes into the domestic pig 
value-chain in Africa and subsequently into other parts of the 

Implications

• Increasing wildlife–livestock interactions enhance op-
portunities for pathogen transmission and biodiversity 
erosion.

• This increases the risk of emerging diseases in wildlife, 
livestock, and humans.

• Biosecurity measures are needed, but rethinking of 
livestock production in high biodiversity regions is also 
required.

• A cross-sectoral transdisciplinary approach is required 
for the effective management of risks at the wildlife–
livestock interface.

• It is urgent to find models and approaches that allow 
a better balance between protein production and bio-
diversity conservation.
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Nevertheless, in the veterinary world, the concept of wildlife as 
a potential reservoir and source of pathogens detrimental to 
livestock production and health has been known for centuries.

Well-known examples of livestock diseases in which the inter-
face with wildlife plays, or has played, an important role include 
rinderpest, avian influenza, foot and mouth disease (FMD), and 
African swine fever (ASF). Rinderpest, caused by a morbillivirus 
of the family Paramyxoviridae, is one of only two diseases that 
have been globally eradicated (the other being smallpox in hu-
mans), after having caused major disease outbreaks in domestic 
and wild artiodactyl species for centuries. After a globally coord-
inated eradication campaign, the World Organisation for Animal 
Health (OIE) and the Food and Agriculture Organization 
(FAO) of the United Nations announced in 2011 that rinderpest 
virus had been eliminated from livestock, thus declaring global 
freedom from this disease (Hamilton et al., 2017). Circulation 
of rinderpest virus in endemic regions in wild susceptible species 
was an important consideration in the eradication campaign, 
and lack of recognition of wildlife reservoirs was one of the fac-
tors to which failure of initial campaigns in the 1960s and 70s 
was attributed (Morens et al., 2011).

Other diseases, such as ASF and FMD, are still endemic and 
expanding across different regions of the world. FMD is esti-
mated to be endemic in 77% of the global livestock popula-
tion, in Africa, Asia, and some parts of South America (OIE, 
2021a) and ASF is becoming endemic in Africa, Europe, Asia, 
and some parts of Oceania (OIE, 2021b). Efforts to control or 
eradicate these diseases are challenging, particularly in those 
areas where wild reservoir hosts contribute to their mainten-
ance and spread. African swine fever virus (ASFV) has been 
known for more than a century to be maintained in the soft 
tick-warthog sylvatic cycle in natural savannah environments 
in East and Southern Africa. Occasional interactions between 
ASFV-infected ticks and domestic pigs have facilitated the dis-
semination of several ASFV genotypes into the domestic pig 
value-chain in Africa and subsequently into other parts of the 

world (Dixon et al., 2020). During the currently ongoing pan-
demic of ASF, the wild boar population in Europe has played 
a central role in the propagation of the virus into new areas. 
While most ASF spread appears to occur within domestic 
pig populations due to anthropogenic factors, incursions of 
ASFV into low biosecurity domestic pig farming systems from 
wild boar are also important (Brookes et al., 2021). Likewise, 
transboundary spread of FMD in susceptible domestic live-
stock such as cattle and pigs is commonly mediated by an-
thropogenic factors, such as movement of infected livestock, 
or the feeding of infected products to susceptible species (Di 
Nardo et al., 2011). However, in East and Southern Africa, the 
African buffalo interface plays an important role in maintaining 
FMD virus (FMDV) strains and disseminating them to adja-
cent susceptible livestock populations (Jori and Etter, 2016).

These examples provide only a snapshot illustration of the 
potential role of wildlife on livestock disease and demonstrate 
the importance of the wildlife–livestock interface. At a planetary 
scale, several factors act as major drivers of increased wildlife–
livestock interactions at these interfaces (Magouras et al., 2020). 
Critical drivers include the need to feed an ever-increasing world 
human population, which has altered the way in which livestock 
are farmed, the way in which we interact with the ecosystem, and 
climate change. These drivers not only increase the intensity and 
frequency of interactions between wildlife and potential spillover 
populations (e.g., humans and domesticated animals such as 
livestock) but also facilitate new transmission pathways for po-
tential emerging pathogens. Some of the impacts of these inter-
actions have been well-described in the literature, particularly 
those affecting livestock production and health. However, these 
interactions can also have very significant and devastating effects 
on wildlife populations and the environment. Importantly, circu-
lation of undetected pathogens in the domestic and wild animal 
compartments also provides opportunity for the development of 
potentially dangerous emerging infectious diseases.

In this review, we provide an overview of the drivers of 
wildlife–livestock interactions and their potential impacts on 
terrestrial livestock production. We define wildlife as any do-
mesticated or non-domesticated species that is free-ranging 
and does not depend on mankind for food or reproduction. In 
addition, we present and discuss the major tools and methods 
to reduce wildlife–livestock contact and to mitigate its health 
implications, including biosecurity measures and the ap-
proaches and potential solutions for improved cohabitation 
between livestock and wildlife to encourage biodiversity and 
reduce negative impacts such as disease spillover.

The Drivers of Wildlife Interactions with 
Livestock

Global drivers of wildlife–livestock interactions
The world human population is expected to increase by 2 

billion people over the next 30 yr, from 7.7 billion today to 
9.7 billion in 2050. It could reach a number close to 11 bil-
lion people around the year 2100 (Abel et al., 2016). To keep 

up with this galloping population increase, humanity is faced 
with the enormous challenge of producing enough protein to 
meet demand; consequently, protein production is expected to 
double by 2050. Animal products contribute approximately 
67% of total global protein production (Baldi and Gottardo, 
2017), and livestock enterprises represent the world’s largest 
land user, either directly through grazing or indirectly through 
the production of fodder and grains. This need for space in-
evitably leads to deforestation, and agriculture is considered 
responsible for the disappearance of 130 million hectares of 
tropical forests (equivalent to the size of Brazil) between 1990 
and 2015. This process of habitat degradation to increase land 
for agriculture facilitates increasing areas of interaction be-
tween livestock present in these agricultural areas and wildlife 
inhabiting primary or secondary forest (Jones et al., 2013). In 
addition, although some mitigating activities are being im-
plemented, livestock production especially cattle farming is a 
major contributor of carbon release to the atmosphere and 
subsequent global warming and climate change (Koneswaran 
and Nierenberg, 2008).

Many infectious diseases are climate sensitive, especially 
vector-borne diseases because arthropod vectors alter their dis-
tribution ranges, introducing vector-borne diseases into new 
areas. In this manner, tropical vector-borne diseases are pro-
gressively expanding into temperate areas of the planet. For 
example, blue tongue virus, once only found in the tropics, has 
been expanding into Europe where it has affected European 
livestock for several decades (Jacquot et  al., 2017) and other 
tropical viruses such as Rift Valley fever virus could follow 
(Chevalier et al., 2010)

Localized drivers of wildlife–livestock interactions
As well as facilitating large-scale changes in wildlife–live-

stock interactions by altering the distributions of livestock, 
wildlife, and the disease vectors, land-use change (and the 
livestock management practices that go with this) and climate 
change also facilitate localized interactions. For example, in 
arid and semi-arid landscapes, the scarcity of water generates 
increasingly important hotspots of interaction between wild 
and domestic species around water sources (Jori et al., 2021a). 
Pastoral and rangeland ecosystems are common areas for ru-
minant production where they are reared in large extensions. 
In these ecosystems, interactions between wild and domestic 
herbivores are particularly common around water or grazing 
resources (Figure 1). These situations are well known to facili-
tate the transmission and maintain the circulation of shared 
diseases between domestic and wild species in all regions of the 
world, including tropical, temperate, and pre-polar areas (Du 
Toit et al., 2017). In many resource-poor countries, the bound-
aries of protected areas are not clearly defined or rely on per-
meable physical barriers such as poorly maintained fences or 
seasonal rivers (Figure 2).

The type of livestock husbandry also influences wildlife–
livestock interactions, especially if  livestock are kept outdoors. 
Outdoor husbandry varies from traditional, free-ranging 
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production systems at the village level (also known as back-
yard farming especially in resource-poor countries; Figure 
3a), to outdoor production in middle- to high-income coun-
tries with the goal to produce high quality or organic-labeled, 
niche-market products (Figure 3b). In low- to middle-income 
countries, backyard farming has very important economic and 
sociocultural roles for the well-being of rural and peri-urban 
households, such as food supply, source of income, asset saving, 
source of employment, soil fertility, livelihoods, transport, 
agricultural traction, agricultural diversification, and sustain-
able agricultural production (Banda and Tanganyika, 2021). 
Such smallholder farmers make up a large proportion of global 
rural communities. Particularly, in rural areas, this livestock is 
often raised under very poor biosecurity conditions allowing 
frequent and regular contacts with wildlife species (Jori et al., 
2021a). In middle- to high-income countries, rising consumer 
demand for improved animal welfare through animal-friendly 
practices, as well as perceived better-quality products, has trig-
gered the increase in outdoor production in systems that trad-
itionally were indoors. However, these systems allow greater 
contact with wild mammals and birds and pose serious chal-
lenges when it comes to mitigating negative impacts such as the 
increased risk of exposure of domestic animals to pathogens 

carried by wildlife, predation, and environmental contaminants 
(Åkerfeldt et al., 2020).

The Impacts of Wildlife on Livestock

The growing need to expand livestock production suggests 
that increasing interactions between wildlife and livestock will 
become more important in the next decades and, as a result, 
impacts on livestock and wildlife populations will intensify. 
Figure 4 illustrates some of these negative and positive impacts, 
which are described in more detail below.

Negative impacts
Examples of negative impacts of wildlife interactions on 

livestock production are well known. They include morbidity 
and mortality due to infectious diseases, impacts on people 
due to reduced food security, zoonotic disease or economic 
burden, and death or injury of livestock due to predator–prey 
interactions.

With respect to infectious diseases, there are many examples 
of wildlife species acting as reservoirs of pathogens that have 
a serious impact on livestock production (Figure 5). In most 
of those cases, the disease does not cause apparent symptoms 
in the wildlife host but can have devastating impacts on live-
stock populations. Examples include wild waterfowl acting as 
reservoirs of highly pathogenic avian influenza viruses (Globig 
et al., 2009), wild birds as reservoirs of Newcastle Disease vir-
uses for domestic chickens (Ayala et al., 2020), warthogs being 
able to act as reservoirs of ASFV, and the African buffalo that 
is well known as the major wild reservoir of FMDV (Jori and 
Etter, 2016; Jori et al., 2021a). Direct or indirect contacts of 
such reservoirs with susceptible livestock populations can ini-
tiate sporadic outbreaks that can develop into epidemics as dis-
ease spreads between farms. Such regional spread can be due 
to ongoing transmission from wildlife or more commonly, an-
thropogenic factors such as movement of infected livestock or 
contaminated fomites (Dixon et  al., 2020). Impacts are then 
twofold; besides the direct effects of animal sickness causing 
loss of animals and decreased productivity, indirect losses also 
occur due to the instigation of treatment for individuals or con-
trol measures. In high-income countries, strict and dramatic 
control measures can be implemented to control highly infec-
tious diseases such as FMD, and although financial compensa-
tion might be provided by governments (e.g., a joint agreement 
between livestock industries and governments in Australia out-
lines the shared costs of the control of diseases such as FMD 
and ASF in the event of an incursion (Anonymous, 2020), the 
genetic value and relationship to individual animals are non-
compensable losses. Finally, infectious disease outbreaks in a 
country do not only impact affected farms but can also have 
substantial impacts on the international trade of animals and 
animal products from that country, not just directly due to 
lost income during export bans but also subsequently due to 
loss of trust in the integrity of the market (Dixon et al., 2020). 
Indeed, outbreaks of some transboundary animal diseases 
such as FMD or ASF can cause huge losses due to export bans, 

Figure 1. Two examples of hotspots of interaction, where sympatric wild and 
domestic species are attracted by the presence of water or food resources: (a) 
Shared meadows between sheep and Alpine ibex (Capra ibex) in the Swiss 
Alps (Courtesy of M. P. Ryser-Degiorgis). (b) Shared pastures between sheep 
and wild camelids in Peruvian highlands (Photo: F.J.). 
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eradication measures, proof of freedom surveys, and ongoing 
surveillance (Domenech et al., 2006).

Another, more unusual, example of transmission from a 
wildlife reservoir to livestock is found in tropical America, 
where the common vampire bat (Desmodus rotundus) not only 
causes bite damage when it feeds on the blood of livestock 
(causing hide damage), poultry, wildlife, and humans, but can 
also transmit rabies virus (Mayen, 2003a, 2003b). Losses of 
tens of thousands of cattle due to paralytic rabies are estimated 
to occur annually across affected countries. Control strategies 
include vaccination of susceptible livestock, such as cattle, and 
bat population control using poisons to reduce the extent of 
the bat–cattle interface (Johnson et al., 2014).

As well as the socioeconomics of disease due to loss of 
productivity and increased costs, some diseases that have 
wildlife reservoirs are also zoonoses (Magouras et  al., 2020). 
Examples of classical zoonoses include Japanese encephal-
itis, brucellosis, tuberculosis, and rabies, and disease is seen in 
both livestock and humans. In contrast, some zoonotic patho-
gens do not cause clinical signs in animals (e.g., salmonellosis 
and campylobacteriosis) and are, therefore, more difficult to 
monitor and control (Chlebicz and Śliżewska, 2018). As patho-
gens circulate in livestock species, this also provides opportunity 
for pathogen evolution and amplification, thus increasing the 
probability of emerging zoonotic diseases. An example is Nipah 
virus emergence in pigs in Malaysia in 1998 following repeated 
spillover events from bats (Daszak et al., 2013). The characteris-
tics of interfaces of livestock with wildlife are critical factors in 
the emergence of previously unknown diseases, and, in this case, 
the large population of domestic pigs provided opportunity for 
circulation and amplification of the virus and its evolution to 
infect humans.

Positive impacts
An important positive impact of the conservation of bio-

diversity on livestock production is the ecological process 
known as the “dilution effect” (Khalil et al., 2016). This sug-
gests that the net effects of biodiversity (including host and 
nonhost species) reduce the risk of certain pathogens to affect 
target species of interest such as livestock or people. Therefore, 
a habitat with higher biodiversity could act as a protective 
buffer for the emergence of certain diseases affecting livestock 
and domestic animals (Civitello et al., 2015). While the gener-
alization of this concept of disease ecology is often the source 
of controversy and speculation, it is more widely accepted for 
some examples of disease emergence such as Lyme disease.

Other examples of positive impacts of livestock–wildlife 
cohabitation on animal production systems are described in 
the context of extensive livestock production systems in which 
there is acceptance of biodiversity and integration of farming 
practices with the natural environment (Pywell et al., 2012). For 
instance, this includes the benefit of insect species to livestock. 
The availability of dung beetles on grazing pastures degrades 
ruminant feces and thus increases the ruminant production out-
puts due to lowered parasite burden, reduces the impact of flies 
in insect-borne diseases such as infectious keratoconjunctivitis, 
and increases pasture productivity (Nichols et al., 2008; Lopez-
Collado et al., 2017).

Another example of potential benefits of wildlife conserva-
tion on animal farms is the development of wildlife tourism, 
which can also have indirect positive impacts on livestock via 
effects on rural livelihoods and agro-ecological sustainability 
(Melita and Mendlinger, 2013). In extensive livestock systems 
such as the Brazilian Pantanal (Figure 6), the development of 

Figure 2. Patchy or diffuse interface: the boundary between a wildlife and livestock area can be spatially diffuse; for example, when a physical barrier (river) sep-
arating wildlife and livestock areas is affected by poor maintenance (fence) or drought (river), such as in this case (Photo: I.M.).
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extensive livestock ranching has to cope with the presence of 
large cats such as jaguar and puma that live in the same habitat 
and generate livestock predation losses. In this context, the 
tourist attraction generated by the presence of those predators 
can generate considerable income for cattle ranches and posi-
tively impact livestock production systems by encouraging the 
maintenance of habitat for the wildlife, thus, biodiversity. In 
this case, wildlife tourism represents an additional source of in-
come that boosts the tolerance of large cats in private ranches. 
This partnership between ecotourism and cattle ranchers, in 
which cattle losses induced by predation can be compensated by 
tourism revenues, provides an interesting model of coexistence 
between traditional livestock husbandry and biodiversity con-
servation (Tortato et al., 2017). Due to the requirement of in-
tegration with wildlife habitat, this coexistence of wildlife with 
livestock production systems is only possible in extensive live-
stock production systems with relatively low outputs. Such sys-
tems are usually associated with traditional farming methods 
and not intensive agriculture (in which livestock are housed in 
groups either wholly or partially during their production cycle, 

and inputs such as labor and capital are high relative to the 
land area being farmed), which is the major driver of land-use 
change. Although impacts of wildlife tourism are complex and 
not always positive for the environment, this kind of approach 
is worth exploring in other areas affected by problems with 
livestock–carnivore coexistence. In many countries, carnivore 
populations such as bears, wolves, or native wild dogs cause 
significant losses to livestock in their distribution areas (Katel 
et al., 2014; Gastineau et al., 2019).

The Impacts of Livestock on Wildlife

Livestock production generates major impacts on wildlife 
populations through land-use change and encroachment on 
wildlife habitats worldwide (Gordon, 2018). This increased 
competition with livestock results in reduced habitat, food, 
and water for wildlife populations, and an impact on wildlife 
numbers and diversity. As described above, in the context of 
disease, this decline in biodiversity can result in loss of the “di-
lution effect” on disease prevalence; if  susceptible species be-
come dominant in an ecosystem (i.e., due to biodiversity loss), 
disease prevalence can increase. For example, excessive grazing 
pressure due to high stocking densities or grazing over long 
periods can reduce vegetation abundance and diversity, which 
reduce both forage availability and suitable habitat space for 
wildlife species (Boone et al., 2005).

Infectious diseases of  livestock can also spill over to wild-
life populations and cause high mortality and losses. For ex-
ample, ASFV is able to spread among domestic pigs and some 
wild suid species. The introduction of  genotype II ASFV into 
the Caucasus in 2007 has resulted in relentless ASF propa-
gation via slow geographical expansion through European 
wild boar populations. To date, at least 12 European Union 
countries have reported cases of  ASF in wild boar, with more 
than 30,000 cases reported only in the last 5 yr (Viltrop et al., 
2021). In addition, ASFV spread across the Asian continent 
has started to affect some populations of  endemic suids such 
as the Sumatran bearded pig (Sus barbatus) and is seriously 

Figure 3. Two examples of free-ranging pigs in different settings. (a) Backyard 
pig farming in Northern Vietnam (Photo: I.M.). (b) In Corsica and other 
Mediterranean islands, it is traditional to rear pigs in extensive farming sys-
tems. There is an increasing consumer demand for the resulting pork products 
(Photo: F.J.).

Figure 4. The impacts of interactions at the wildlife–livestock interface. The 
size of the arrows and compartments are schematic representations of the 
relative difference in size of the influence and the overall impacts between 
wildlife and livestock (Design: V.J.B.).
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threatening several highly endangered pig species in Asia 
(Luskin et al., 2020).

Another example of  a disease that spread from livestock 
to wildlife is bovine tuberculosis which was first detected in 
Kruger National Park in a single African buffalo (Syncerus 
caffer) in 1990. After molecular analysis, it was inferred that 
Mycobacterium bovis was probably introduced in 1963 through 
an interaction with infected cattle. Since then, M.  bovis has 
spread among the abundant buffalo populations and at least 
23 mammalian species, including large predators (Hlokwe 
et al., 2016).

Such spillover episodes are particularly serious when they 
affect vulnerable or endangered species already threatened by 
extinction. Examples include the recent cases of bovine tuber-
culosis found in endangered African wild dog (Lycaon pictus) 
populations (Higgitt et  al., 2019)  or the outbreaks of rabies 
reported among Ethiopian wolf (Canis simensis) populations 
(Johnson et al., 2014).

Measures and Strategies to Reduce  
Wildlife–Livestock Interactions or Mitigate 

Their Impact

Given the significant risk of  disease transmission posed by 
wildlife–livestock interactions and their associated economic, 
social, and environmental impacts, as well as their contribu-
tion to the emergence of  zoonotic pathogens of  public health 
significance, regulations, policies, and guidelines have been de-
veloped worldwide to minimize these interactions and mitigate 
their impacts. For effective mitigation of  this risk, a long-term, 
cross-sectoral, collaborative, and transdisciplinary approach 
across government and industry stakeholders and the com-
munity is needed. However, major differences in interests and 
priorities of  different organizations and stakeholders have in 
some instances hampered or limited the success of  the imple-
mentation of  available mitigation strategies. The tools avail-
able for minimizing livestock–wildlife interactions relevant for 
infectious disease transmission are mainly based on three types 
of  strategies: those aimed at the reduction of  the population 
of  wildlife species in livestock production areas, those focusing 
on monitoring and controlling the occurrence of  disease in 
wildlife populations, and those focusing on implementation of 
on-farm management practices that reduce the likelihood of 
direct or indirect contacts. Usually, integrated control strat-
egies based on combinations of  some of these tools are used.

Reduction of wildlife in livestock areas
If we focus on the first type of strategy, wildlife culling has 

been a commonly used control method for both reducing the 
risk of disease transmission and predation of domestic animals 
by large predators worldwide. However, in developed economies, 
the reduction in biodiversity and increasing public concerns re-
garding the involved ethical issues have progressively challenged 
the use of this practice, and currently, the resettlement or trans-
location of problematic animals is a preferred option. Before 
wildlife culling is undertaken, pathogen transmission pattern, 
host contact pattern, regulatory processes, seasonality, spatial 
structure, and environmental sources of infection should be thor-
oughly analyzed to understand the complexity of host–pathogen 
associations at ecological level and the benefits and costs of such 
a disease management approach (Miguel et al., 2020). Another 
potential method to reduce wildlife population in specific areas 
is the translocation of problematic individuals to other sites; 
however, this method is mostly used as a wildlife management 
tool for reducing the impact of human activities on large pred-
ators with high conservation value.

Pest control strategies at a farm level also aim at reducing 
or eliminating wildlife species considered a nuisance for farm 
operations, due to their potential risk of disease transmis-
sion. Having an appropriate pest management plan in place, 
including infestation monitoring, recording, and control, is a 
biosecurity requirement for commercial livestock operations 
(Figure 7). However, previous studies have identified the need 
to improve pest control. As an example, some authors identified 

Figure 5. Diagram showing different infectious pathogens transmitted be-
tween wild and domestic species in different contexts: (a) examples of patho-
gens transmitted between closely related species (ruminants, birds, and suids) 
and (b) examples of opportunistic pathogens shared by a diversity of species 
(Design: I.M.). 
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a risk of transmission of production-limiting pathogens from 
rats to domestic pigs in Australia (Pearson et al., 2016).

Monitoring and control of diseases in wildlife
To monitor diseases at the wildlife–livestock interface, 

surveillance efforts should ideally target both wildlife and 
livestock populations. An example of an active surveillance 
program is the Australian National Avian Influenza wild bird 
surveillance program, which contributes to understanding 
of the ecology and epidemiology of avian influenza viruses 
and supports industry, human, and wildlife risk management 
strategies (Hansbro et  al., 2010). However, in practice, sam-
pling wildlife requires specific expertise and considerable re-
sources. A common alternative to this constraint is to monitor 
pathogens of interest in domestic species exposed to wildlife 
contacts. Exposed individuals can act as sentinels for certain 
pathogens circulating in wild species. For example, during the 
large epidemic of avian influenza H5N1 in wildfowl in 2006 
in Europe, sentinel ducks were sampled on a regular basis as 
an early warning surveillance system (Globig et  al., 2009). 
Other alternatives to the capture and restraint of wild species 
for surveillance are the possibility to sample game gathered by 
hunters or the use of noninvasive methods to collect biological 
material from wildlife (Bataille et al., 2019). Given the previ-
ously described issues associated with wildlife population con-
trol, wildlife vaccination has been used occasionally to reduce 
the risk of disease transmission to domestic livestock, with the 
vaccine being administered orally using baits. An example is 
the control of rabies in foxes and racoons in Europe, the United 
States, and Canada (Freuling et al., 2013). Another example is 

the control of M. bovis in possums in New Zealand (Nugent 
et al., 2016); however, the effectiveness of this strategy has only 
been demonstrated experimentally. Despite being an effective 
control strategy, issues such as safety for nontarget species and 
stability and resistance to environmental conditions need to be 
considered (Gortazar et al., 2014). An alternative method for 
controlling vector-borne diseases in wildlife is controlling the 
arthropod vectors, which could be done using insecticides and 
acaricides (Wilson et al., 2020)

Reduction of interactions between wildlife and 
livestock

The most common strategies to reduce the risk of disease 
transmission at the wildlife–livestock interface are the imple-
mentation of on-farm practices that minimize the risk of direct 
and indirect contacts. Most of these practices are commonly 
known as biosecurity. Physical barriers, such as appropriate 
fences, and deterrent methods, such as the use of guard dogs, 
the reduction of suitable and attractive habitats around live-
stock premises, and the avoidance of sharing of resources, will 
minimize direct and indirect contact and the probability of dis-
ease spillover from wildlife to livestock. 

External property perimeter fences are used to reduce the 
ease of access to the property, whereas long perimeter fences 
are used to restrict access and minimize the spread of a disease 
into new territories. The latter are often used for the separation 
of populations based on their health status, allowing compart-
mentalization or zoning, often used to safeguard international 
trade from specific production areas. However, long perimeter 
fences are often criticized on the basis of their environmental 

Figure 6. Livestock reared extensively in rich wildlife habitats such as the Brazilian Pantanal. Sympatric wildlife species have the potential to attract tourists to 
these agricultural areas (Photo: F.J.).
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the control of M. bovis in possums in New Zealand (Nugent 
et al., 2016); however, the effectiveness of this strategy has only 
been demonstrated experimentally. Despite being an effective 
control strategy, issues such as safety for nontarget species and 
stability and resistance to environmental conditions need to be 
considered (Gortazar et al., 2014). An alternative method for 
controlling vector-borne diseases in wildlife is controlling the 
arthropod vectors, which could be done using insecticides and 
acaricides (Wilson et al., 2020)

Reduction of interactions between wildlife and 
livestock

The most common strategies to reduce the risk of disease 
transmission at the wildlife–livestock interface are the imple-
mentation of on-farm practices that minimize the risk of direct 
and indirect contacts. Most of these practices are commonly 
known as biosecurity. Physical barriers, such as appropriate 
fences, and deterrent methods, such as the use of guard dogs, 
the reduction of suitable and attractive habitats around live-
stock premises, and the avoidance of sharing of resources, will 
minimize direct and indirect contact and the probability of dis-
ease spillover from wildlife to livestock. 

External property perimeter fences are used to reduce the 
ease of access to the property, whereas long perimeter fences 
are used to restrict access and minimize the spread of a disease 
into new territories. The latter are often used for the separation 
of populations based on their health status, allowing compart-
mentalization or zoning, often used to safeguard international 
trade from specific production areas. However, long perimeter 
fences are often criticized on the basis of their environmental 

impact (Mysterud and Rolandsen, 2019). Despite fences being 
an effective method for limiting wildlife–livestock contact, 
their design should be adapted to circulating wildlife species 
(Figure 7), and it is crucial to establish a regular monitoring 
and maintenance system to guarantee their efficacy (Jori et al., 
2011; Gortazar et al., 2014).

In poultry enterprises, wild bird proofing of sheds, 
preventing wild bird access to animal feed, and protecting 
water sources will reduce the likelihood of transmission of dis-
eases and pathogens. However, these measures are more diffi-
cult to implement in free-range poultry enterprises, with these 
enterprises facing a higher risk of disease transmission than 
indoor enterprises (Scott et al., 2018).

In addition to these biosecurity measures, a very important 
and common health management practice to protect livestock 
from disease transmission from wildlife and minimize spread 
within domestic populations is the use of vaccination in live-
stock. A  clear example is the vaccination of poultry against 
H5N1 avian influenza in countries with endemic H5N1 vir-
uses, such as China. Vaccination of poultry is the most ef-
fective method for reducing infection in poultry, the viral 
environmental contamination, and subsequently the risk of 

re-introduction of the virus from wild birds to domestic popu-
lations. Vaccination against classical swine fever virus in do-
mestic pigs, in conjunction with wild boar vaccination, has 
been used for controlling the disease in endemic European re-
gions where domestic and wild pig populations were infected.

While some biosecurity measures can be implemented in 
most farms, farm-specific biosecurity plans that consider region 
and farm characteristics and wildlife species posing a risk are 
needed. Many of the above-described measures are very often 
used in combination. For example, in several Southern African 
countries that are beef exporters (South Africa, Namibia, and 
Botswana), contacts with infected African buffalo can jeop-
ardize beef exports due to potential FMDV transmission. 
Therefore, preventive measures consist of a combination of 
zoning or compartmentalization of the territory according to 
OIE guidelines, the erection of fences to separate cattle from 
potentially infected buffalo (Figure 7), and the regular vaccin-
ation of livestock against FMDV serotypes present in buffalo 
populations (Jori and Etter 2016). In addition, the possibility 
of exporting manufactured beef products processed in such 
a way that freedom of FMD virus is guaranteed (a process 
known as Commodity Based Trade) could potentially improve 

Figure 7. Fences are used worldwide to separate wildlife and livestock populations. They can be regularly challenged by wild animals and need regular mainten-
ance to remain effective. (a) An electric fence being challenged by an elephant in South Africa (Photo: F.J.). (b) Livestock being separated by a fence at the edge 
of the Kruger National Park, South Africa (Photo: F.J.). (c) In Southern Africa, fences at the edge of protected areas can be several hundreds of kilometers 
long (Photo: F.J.). (d) A fence to protect a pig farm from terrestrial wildlife incursions in Australia (Photo: V.J.B.).
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market access for beef from communal areas where cattle are 
exposed to buffalo contacts (Naziri et al., 2015). Similarly, in 
the European Union, the control of ASF in wild boar popula-
tions is addressed with a combination of fencing, zoning or re-
gionalization, wild boar culling, and passive surveillance (Jori 
et al., 2021b).

Conclusions

Global drivers of  a changing world are making wildlife–
livestock interactions more frequent, difficult to avoid, and 
increasingly challenging for animal production systems. It 
is clear that at those interfaces, wildlife and livestock popu-
lations tend to have major negative impacts on each other. 
In the case of  livestock, while the major impacts are loss of 
productivity and increased socioeconomic costs, these inter-
actions also increase the risk of  emerging diseases, including 
zoonoses. These have the capacity to generate global health 
impacts, such as the COVID-19 pandemic we are currently 
experiencing. Biosecurity measures implemented in the live-
stock sector can reduce some of  these interactions and their 
impact on livestock production. However, this is a challenge 
that cannot be addressed by biosecurity measures alone. In 
part, this is because their implementation is not always cost-
effective and applicable in all contexts. The costs and benefits 
of  implementing specific biosecurity measures and stakeholder 
acceptance of  these measures must be considered to ensure 
their implementation, maintenance, and success. However, in 
the long term, addressing the global drivers increasing wild-
life–livestock interactions and their underlying determinants 
(e.g., human migration due to conflict and climate change due 
to fossil fuel usage) is becoming critical. Particularly in the 
case of  wildlife, the negative impacts of  those interactions, 
such as biodiversity loss and wildlife population decline, 
due to habitat degradation and resource reduction, land-use 
change, or introduction of  pathogens or pollutants (pesticides 
and toxic residues), are often irreversible. With the unprece-
dented rates of  human population growth and needs for add-
itional livestock production, these impacts are not expected 
to decrease. Therefore, urgent action is needed to reverse or 
at least slow down this negative trend and subsequent global 
health risks.

There is a need to search for alternative methods of protein 
production that are more compatible with wildlife–livestock 
interactions and more respectful and compatible with conser-
vation of biodiversity. The possibility of compensating for the 
negative impacts on wildlife by added benefits from tourism 
or the production and promotion of better-quality products 
that are ecologically friendly are some initiatives suggesting 
that finding a balance between animal production and nature 
conservation is possible. In addition, it is important to find ap-
proaches and methods to raise the awareness of consumers, 
particularly in developed economies, of the impacts of live-
stock production on the environment and the need to reduce 
the impacts of protein production to benefit the environment, 
human society, and global health.
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Lastly, any strategy or approach taken to minimize the risks 
and impacts at the wildlife–livestock interface must be dynamic, 
adaptable to constantly changing global systems, and consider 

the specificities of the local context. It is a fundamental re-
quirement for animal health and production professionals to 
promote the advantages of a cross-sectoral, transdisciplinary 
perspective that considers health promotion as a globally inte-
grated activity that encompasses not only links between animal, 
human, and environmental health in a broad sense but also 
specifically the determinants of wildlife–livestock interactions 
and their mitigation. As the global human population rapidly 
increases along with the need for protein production, this will 
be of paramount importance when considering the design and 
implementation of education programs for future generations 
of animal science professionals.
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